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01 QUICK OVERVIEW
] What is SG2PS?

SG2PS is a free graphical application for field and well structural data CAPABILITIES

evaluation and processing;

Easy to use Graphical User Interface, data processing takes just a few clicks;

Separate processing and plot for different localities, data types and data . Angelier or Hoeppner plot, Schmidt or Wulff
groups; net, as well as upper or lower hemispere
Displays structural data on stereonets and rose diagrams;

. . . . rojections are possible;
Bedding correction for tilting test available; proJ P

K-means clustering to identify data groups in an inhomogeneous data set; . Symmetric / asymmetric rose diagrams with
Seven different inversion methodologies and fracture geometry statistics; different bin size are available to plot dip
Batch processing for different input data sets; direction or strike of data:

Data input in Excel or any other spreadsheet application of your choice;

' . Slickenside data correction on two ways;
Output in Adobe Portable Document Format (PDF). ) ) )
ALL OBSERVED STRIAE DATA FROM DATA POINT ANG002 - Full automatic data processing Optlon;
R v e . Simplified data input and auto completition of
T input database;
. Average data (e.g. average bedding) calculation
using regression;
* ' . Built in k-means clustering module;
FAULT AND STRIAE DATA SYHESS\NVERSS\’,:MBOLS ROSEPLOT GROUPS " StreSS tensor inverSion USing
ST T
ik % i J . Turner (1953),
i iy | / s . Sprang (1972),
e . = Michael (1984),
L . Enaiis Sl PR — = Angelier (1990),
Corrected by palaso north directions N Corvacted by palaeo north directions N
- = .|/ = © v ase,
— i S . Shan et al. (2003), and
. Mostafa (2005) methodologies;
. Bingham directional statistics for fracture
7 sets;
! ;,i»"‘.
3 . RUP and ANG stress estimators display and
slickenside clustering using them;
nﬁ“m o, . Ideal movement direction display;

. Stress state display using Mohr circle.
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QUICK OVERVIEW

How do it works?

0.2

THE SOFTWARE

. Download SG2PS installer from the website
http://www.sg2ps.eu/download.htm and install on
unzip the application;

. Start either the Graphical User Interface
(SG2PS_GUI.EXE) or the console application
(SG2PS.EXE);

. Create your data spreadsheet what you want to
evaluate using the graphical version of the program,
or copy-paste into a text file in the working folder —
this will be the input (*.rgf) file;

. You can store your settings (*.set) and locality —
coordinate — formation name pairs (*.xy) in
separated files;

. A project folder will be generated for the text and post
script outputs;

. Evaluation results will be displayed on the screen in
text format.

. If everything goes well, couple of thousand data from

some hundred data points could be evaluated and
plotted in less than one minute.

. To remove evaluation results, delete the project
folder;

. To remove SG2PS, just delete the program folder.

THE MANUAL

If you are interested in the software capabilities, or want

to have a quick overview, read INTRODUCTION chapter;
if you are interested is the result plot details, have a look
this chapter as well;

If you want to use the software to evaluate your own data,
please have a look at the INPUT FILE FORMAT chapter
to became familiar with the input requirements;

Chapter PROCESSING AND DISPLAY gives a slightly
detailed overview about the software capabilities
presenting different plot, net and hemisphere types as
well as short description of used inversion methodologies;

Fourth BACKGROUND chapter describes all of the details
what can help you to understand the source code. Please
find here a brief summary about the different net
calculation, Bingham statistics, clustering and inversion
methodologies. This chapter don’t repeat the published
solutions, it is just a brief summary how to code them.
Background theory and mathematics are published in the
referred papers;

Feel free to use this software at any time, but please have
a look at the COPYRIGHT.
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0.3.1

QUICK OVERVIEW

Graphical interface — Install and run

INSTALLATION

RUN

Download the install file from the
www.sg2ps.eu/download.htm webpage and run
‘sg2ps_setup.exe’;

Choose the directory where you want to install the
application and press ‘Install’.

If you are not allowed to run self extracting archives, simply
download the installer in *.zip format and extract in the
destination folder.

— FILE MENU

Start ‘sg2ps_gui.exe’ to run the software;

Use ‘New data file’ to create a standard input (*.rgf) file;
Use ‘Edit Data’ to edit your own input file with the default
spreadsheet editor;

Use ‘Select Data File’ to select input file to process;

Use ‘New Coordinate file’ and ‘Edit Data’ to create/edit a
standard coordinate (*.xy) file with the default
spreadsheet editor;

The software generates the project name and searches for
project settings (*.set); if found a correct one, will used, if
not, standard defaults will be displayed;

You can modify your settings;

If coordinate (*.xy) file found will used, otherwise input
file coordinates will processed;

Push RUN;

Settings will automatically saved in the project folder in a
setting (**.set) file.

Processing result and/or working directory with the
project folder will displayed on the screen but will NOT be
saved.

i i Installer o =10 x|
This will install SG2P5 version 0.2.0 on your computer, Please choose a
! o directory.
Destination Folder
’7 Browse... |

Space required: 16,.3MB
Space available: Z.0GE

Cancel | fullsaft Install System w45

Install

] 562PS - Structural 6 -0l x|
File Advanced Help
” ¢ MewData l ' Edit Data Select Data < Mew Coordinate Edit Coordinate B Manual '\é Demo
Please create a mew or edit | select an existing file by clicking on one of icons above!
Settings

Data convention & |
Plot type W
Projection kyvpe Iﬁﬂ
Hemisphere Im

‘irtual symmetrical data set IND vI
Ideal movement direction display iNo vI
Maximum stress & slickenside direction angle iSD vl

Fracture weight point statistics IBingham statiskics v;

Bedding & palasonorth correction IBoth ;] Line width used on stereonets in points m
Sort by groups as well F"a Type of the rose plok W
Clusker numbers M Plot rose diagram according ko IW
Labeling m Ein size for rose plot in degrees m
Inversion methodology INDA after Sprang (1972) _vJ Grayscale ’m
Stress estimatar in clustering I-m

Run
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QUICK OVERVIEW

Graphical interface - Run and display results

0.3.2

EDITING DATA FILES — MANUAL DISPLAY
. If a spreadsheet viewer and PDF viewer is installed on your

computer, the software will open in to edit input (*rgf) and -zl

coordinate (*xy) file. If the software cannot find these @ Error: problerns with the data file, please check the log / read the manuall

programs, see Chapter 1.3.x how to install and configure

them.

ERROR MESSAGE
. If the input (*.rgf) or coordinate (*.xy) file is incorrect, it
will be not processed, and an error message will displayed.

25 WW140_STRIAE_D - GSview ]
File Edit | Options View Orentation Media Help

Advanced tonfigure...
Sounds...

Easy Configure. ..

] i » M DATAPOINT WW140, GROUF ‘D' - SHIRANISH FORMATION
DISPLAY RESULTS 1 ’ e

' anguage L4 e —
. You can use free softwares (eq. GSview) to display i PStoTest 4

] DSC W amings »

generated *.eps files; if you want to use GSview, install
Ghostscript before.

comva

I -y

Save Settings Mow

¥ Save Settings on Exit

. If you are using GSView, please don’t forget to thick (R gafe'L o
. . . . . 1 ¥ 2ave Lasl rectory
Options/EPS clip option, otherwise a rotated and clipped \ | v Eutton Bar
view will displayed on the screen. B pee e
e Auto Redisplay
= You can convert the result vector graphs to *.pdf format A« EPs Cip
and open it with a pdf viewer. 1 .

lgnome DSC
E v Show Bounding Box

|

ek v, G el -k v Frpiaphere

UNINSTALL

. Simply delete the application folder; no registry
components were modified.

User manual for “sg2ps” Structural Geology to PostScript converter || www.sg2ps.eu 7



INTRODVCTION



INTRODUCTION
1.1

Editing data files — Advanced GUI settings

EDITING DATA FILES — MANUAL DISPLAY

If you don’t have default shpeadsheet editor and/or PDF
viewer, you can download Apache OpenOffice to process
spreadsheet and Ghostscript for PDF display.

ADVANCED MENU — GUI SETTINGS

Here you can modify GUI settings;

Lines with no # character are active;

Use yes/no to display log file after processing, or to show
working folder directory with the genarated project folder;
After editing the settings, you don’t need to restart the
application.

Settir
Data

Fal Szerkesztéz Formdtum  Mézet  Sdgd

W executahle_name SO2ps.exe
# file_manager
# pdf_wiewer

show_logfile yes
show_result_directory

# spreadsheet D

[ spreadsheet_‘F'IaTg_
# start_browsing_from_directory where you keep your rgf files
# text_editor
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INTRODUCTION
1.2.1

Consol interface - Running using setting file

D:cpp_juno%5a2P st Debug-sg2ps .axe

. saEPs )

Structural Geological data to PostScript conwerter

Data processing software coded by Agoston Sasvari
Far further dinformation check weew.sg2ps.eu

) AT rights reserved. )
This a free software under GNU LGFL 1icence. ]

Built on: 12 lan 2013, 23:01:02

warsion: 0.2.0 beta

RUMMIMG 5G2PS IN COMMANDLIME MODE.

Enter RGF file (*.rgf) name without extension........:| ang | @
- Input ANG.RGF file cpened.

Input ANG.RGF f'l'le read, 23 r'ecor‘dlf_s:] imported.
E><1st1r'|g DATUD z 1in a'|‘ records.

Correct DATA_ID'z in_all records.

Correct group code(s) in a1l records.

Correct color codeis) in all records.

Carrect coordinatels) dn_all recards.

Correct datatype(s) in all records.

Carrect strikefdip direction(z) in all recards.
Correct dip angle(s) in all records.

Carrect CS/ztrias(s] in all records.

Carrect paleo north direction(s) 1n all records.

COOROIMATE FILE . )
Do Vou want to use owl coordinates in Xv data format....[v], n
ar use coardinate data 10 RGF filesiieennnrrrrrsssnnnnn (11 N oW [2)

CHECKING DF SETTINGS OF 'ANG' PROJECT
- Using 'ANG.SET' setting file.

Data conwention..ceeeeeessesnesnnsnnnnnssass: german dipdir-dip

Flat type 1 Angelier plot

Met Lypeeesesesesssnnnnnssssrsrnsnnnnnnnsnsai schmidt-net

Hemd sphere ceenent lower hemisphere
Tilting by. : bedding and palec-north
Groupcode . . : do not usze

C'Iuster'mg. do not use

Labeling... : ho 1abelding

INWErS O s s sansnusnnnnnnnsnnsnns ereaaf FONE

Virtual symmetrical strias set..............: do not use
TIdeal zlickenside movement...v.iecennnnnnnst not display
Angle between =1 and fault plane (if needed): 30 degs
Fracture statistics.ceeecsesenenenananasasast Bingham statiztics
Limewmidth: .o i i i iiecnnesnesnnsnnnnnnnasnasd 0.8 points
Rose plot e, e ceaeaeasasasararannnnnnsnsst symmetrical
Data bin z1ze on rose plot.sceecvecnnesnaaa: 10 deg .
Do You want to wse and save these settings..... [5],
use default values. i eeeeeeeeeeeennsnnnnnnnns [o],
TR FIE® OFE S e s e s s nsnnnnnssnsnssnsnnnnnnsnns [M],
OF EX T s enassssssssaa s smmmm [ I, M orm (3]

Open the console of the operating system and navigate to
the working folder;

Type ‘sg2ps’ to run the software;

Enter the name of the data input (**.rgf) file what you
want to process @; use small or large caps. After hitting
ENTER, input file will be checked for errors and the result of
the cross check will be displayed (see Chapter 1.6);

If the input file is correct, next question is about the
coordinate (*.xy) file; enter 'y’ is you want to use a user-
defined coordinate file to associate with the input file,
otherwise hit ‘n’ and press ENTER @;

If you are using coordinate (*.xy) file, it will be cross
checked, and the result will displayed;

Third step is to cross check the setting (*.set) file (if it is
existing). If setting file is correct, settings wiill displayed on
the screen, otherwise the ‘hard coded’ defaults are visible.
You can choose ©
. to use a setting file to set up evaluation
methodologies, type ‘s’,
. to use ‘hard coded’ default setup type ‘d’, or
. manually create a new setting file, type ‘n’ (see
Chapter 1.7);

If the setting file is saved, the processing starts and results
of the data evaluation will be displayed on the screen.

User manual for “sg2ps” Structural Geology to PostScript converter || www.sg2ps.eu

10



INTRODUCTION
1.2.2

Consol interface - Processing and display of results

GEODATAEASE PROCESSING FOR' 'ANGZ.RGF' DATAEASE FILE
- geodatabaze completed for 39 records.
- Normal, dip and strike vectors were computed for 39 records.
- Pitch to lineation conversion has done for 38 pitches of 3% strias data.
- No striae to correcting.
- Strias affset correction
- Mo strias offset to correct.
K-MEANS CLUSTERIMG OF 'AMGZ.RGF' DATABASE FILE
- No clustering of gendatabase was required.
AVERAGE BEDDIWNG COMPUTATION FOR ' AWGZ2.RGF' DATABASE FILE

- Data zet averages were computed for 2 dndependent data group(s) in 39 records.

- Average bedd1ng Was computed for 1 dndependent data group(s) in 39 records.
RETILTING OF 'AWGZ.RGF' DATAEASE FILE
- Striae offzet correction

- Striae offset in record 'AMG_017' has change from NORMAL to SINISTRAL.
Striae offset in record 'ANG_O00S5' has change from MORMAL to DEXTRAL.
Striae offset in record 'ANG_O00&8' has change from MORMAL to INVERSE.
Striae offzet in record 'ANG_O007' has change from MORMAL to DEXTRAL.
Ztriae offset in record 'ANG_005' has change from MWORMAL to DEXTRAL.
Striae offset in record 'ANG_004' has change from MWORMAL to DESTRAL.
Striae offset in record 'ANG_003' has change from MORMAL to DEXTRAL.
Striae offset in record 'ANG_002' has change from MORMAL to SIMISTRAL.
Striae offszet in record 'ANG_0L15' has change from MORMAL to SIMISTRAL.
Ztriae offset in record 'ANG_019' has change from MORMAL to SIMISTRAL.
Striae offset 1n record 'ANG_001' has change from MORMAL to SIMISTRAL.
Striae offset in record 'ANG_021' has change from MORMAL to DEXTRAL.
Striae offset in record 'ANG_022' has change from MORMAL to DEXTRAL.
Striae offzet in record 'ANG_023' has change from MORMAL to INVERSE.
Striae offset in record 'ANG_024' has change from WORMAL to DEXTRAL.
Striae offset 1n record 'ANG_020' has change from MORMAL to SIMISTRAL.
Striae offset in record 'ANG_002' has change from MORMAL to SIMISTRAL.
Striae offset in record 'ANG_011' has change from MORMAL to DEXTRAL.
Ztriae offset in record 'ANG_025' has change from MORMAL to DEXTRAL.
Striae offset in record 'ANG_0Z27' has change from MWORMAL to SIWISTRAL.
Striae offset 1n record 'ANG_012' has change from MORMAL to DEXTRAL.
Striae offset in record 'ANG_010' has change from MORMAL to SIMISTRAL.
Striae offzet in record 'ANG_01&' has change from MORMAL to DEXTRAL.
Ztriae offset in record 'ANG_015' has change from MWORMAL to DEXTRAL.
Striae offset in record 'ANG_014' has change from MWORMAL to DEXTRAL.
Striae offset in record 'ANG_013' has change from MORMAL to DEXTRAL.
Striae offset in record 'ANG_03258' has change from MORMAL to DEXTRAL.
Striae offzet in record 'ANG_037' has change from MORMAL to DEXTRAL.
Ztriae offset in record 'ANG_0328' has change from MWORMAL o DEXTRAL.
Striae offset in record 'ANG_035' has change from MORMAL to DEXTRAL.
Striae offset in record 'ANG_034' has change from MORMAL to SIMISTRAL.
Striae offszet in record 'ANG_023' has change from MORMAL to SIMISTRAL.
Striae offszet in record 'ANG_022' has change from MORMAL to SIMISTRAL.
Striae offset in record 'ANG_031' has change from WORMAL to SINISTRAL.
Striae offset 1n record 'ANG_030' has change from MORMAL to SIMISTRAL.
Striae offszet in record 'ANG 025' has change from MORMAL to DEXTRAL.
- Striae offset in record 'ANG_023' has change from WORMAL to SINISTRAL.

- Data set averages were computed for 2 independent data group(s) in 35 records.

Average bedding was computed far 1 1ndependent data group(s) in 33 records.

DATA EVALUATION AND EXPORT FROM 'AMGZ.RGF' DATABASE FILE

- For "ANGOOZ' Jocation,inversion after Angelier (19900:
- Original @ sl: 226/8E, =2: 04705, =31 317,00, PURE EATEMSIVE, R: 0.268, R'
- Corrected: sl: 083410, =2: 143403, =3: 248480, TRANSPRESSIVE, R: 0.167, R':

DATA ERXFORT FROM ' AMGZ.RGF' DATABASE FILE
- Postzcript output completed for 2 file containing 32 records.
- RGF output completed for 2 file containing 22 records.
- Tilted RGF output completed for 2 file containing 32 records.
- Awerage RGF output completed.
- Completed RGF file exported.

EVALUATION OF ANGZ.RGF FILE COMPLETED.
- Elapszed time: 1.31 seconds.

Oz *cpp_juno™5a2F S Debugs

PRE-PROCESSING

Empty records of the input (*.rgf) file will be completed as
described in Chapter 2.1;
Vectors representing data input data will be generated.

PROCESSING

: 0.263,

2.1&7,

av e

anv .

Using pitch data format, slickenside data will be converted
into lineation format;

Using lineation data format for slickensides, misfit
correction will be done (see Chapter 4.3.2);

Slickenside offset correction is carried out (see chapter
4.3.2);

If it was required, k-means clustering will be carried out
and the results will be displayed on the screen;

Average data for each data types (except lithology,
slickenside and s-c data) is calculated for each location;
Re-tilting of all data with the average bedding will be done
and slickenside offset re-correction will be carried out;
Bingham statistics and inversion results will be displayed
for each data sets;

misfite

14.5 deg.
misfit:

15.3 deg.

FILE OUTPUT

Postscript files, completed geodatabase files, average
files and datatype by datatype selected files will be
generated (see Chapter 1.5).
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INTRODUCTION

Consol interface - File output

1.2.3

Directory tree (right) generated __2012?3?5;23607—‘—'3'5“"0—02
In the working folder, a project folder will be after input processing —2_completed
; ——3_average
gen_erated named after the current datum, time and |—4_rgf_separated
project name; —bedding
—Dboudain
. . . —~Foldaxis
Five output subfolders will be created in the lineation
project folder; ——plane
—-s1
o . L—striae
‘1 _original’ folder contains the copy of the L 5_ps_separated
original input (*.rgf) file with no modifications as gggg;‘g
backup; |—foldaxis
1>l ineation
. s . ——plane
2_completed’ folder contains the completed s1
version of the input (*.rgf) file with no empty Original (above) and completed (below) input file striae
records;
3_average folder contains a file for the average z
data calculated for each different data types =
H H DATA_ID 3 LOC_ X LOCY FORMATION DATATYPE
(except slickenside and s-c data) for each data RWO508 RiW226 LOWVER BAKHTRIARI bedding ne2l 7
points. This file is useful if you want to display Rw0s09 — bodding  "rrer s
average bedding in GIS. Rviae12 vzt I o
RW0513 RW232 QUATERMARY LITHOLOGY
RW0514 RW233 bedding :25 :ZU
‘4_rgf_separated’ folder has different subfolders Fwiats R34 baiing. rer P s
RW0517 Faal'7

containing input data separated by data points and
data types;

=
=
=
=
g -
H ¢ H DATA_ID FORMATION DATATYPE
The result postscript files are in ‘5_ps_separated’ d = = 5
- Rw0e08 X RYW226 261420 44 6684 LOWER BAKHTRIARI BEDDING 82070 I
folder’s subfolders Separated by data p0|nt data RWO509 X RW228 361429 44 GB94 LOWER BAKHTRIARI BEDDING  f71.0200 0
’ ’ RWOSI0 % RYW228 361446 44 6724 LOWER BAKHTRIARI BEDDI zs.ﬁa.u i
i i i RAA051 1 b RYW228 361446 44 6724 LOWER BAKHTRIARI BEDDI G4.010.0 i
type and groups (If this optlon was SeleCted’ see RA0S12 X RYy230 36145 445748 LOWER BAKHTRIARI BEDDING  fBs5.078.0 i
RWOS13 W RWW232 361440 44 6758 QUATERNARY LITHOLOGY [
Chapter 1.7 and 2-2)- R0514 % RYY233 361440 44 6758 QUATERMARY BEDDING  25.0%0.0 i
RA0E1s X R¥W233 361440 44 756 QUATERNMARY CROSSBEDD 2.0 220 i
RWOSIE % RYWZ34 361433 44 6901 QUATERNARY BEDDING  B7.077.0 i
RWOS17 % RYYZ34 381433 44 6301 QUATERNMARY BEDDING 820770 i
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INTRODUCTION

Consol interface - Warnings

SaZPs
Structural Qeclogical data to PostScript converter

Data processing software coded by Agoston Sasvars
For further information check wes.zgZps.eu

] Al rights reserved. ]
This a free software under GNU LaPL 1icence.

Built onz 12 lan 2013, 23:01:02

varsion: 0.2.0 bata

RUNMNIMG SG2FS IW COMMANDLIME MODE.

Enter RGF file [¥.rgfl name without extension........:
- Input ANG.RGF file opened.

Input ANG.RGF F11e read, 33 r'en:nr'dlf_sj imported.
E><15t'|r'|g EIATA_ID = 1n af'l records .

Correct DATA_ID'=s i all records.

Carrect group n:u:udel.fsj in all records.

Correct color codeCs) 1n all records.

Correct coordinate(z) in_all records.

Correct datatype(z) in all records.

ER.F.OFR. =
Input ANG.RGF file structure 15 1ncorrect; please enter

Enter RaF file (*.rgf) name without extenszion..ceesa. ] 1)

incorrect strikefdip direction=) in the fn'l'lu:uwm% recard (=1
q

PRE-PROCESSING
. Before processing, input (*.rgf) file will be checked.

. If the file contains error(s), type of error and the incorrect record
ID (from input file) will displayed;

. In the case of any error, 1) open your input file with text editor
application, 2) fix the incorrect record, 3) save the input file and 4)
type its name again @ for a new cross check;

= Because input database error check is carried out column by
column, it can occur need to repeat error fixing for other columns

as well.
ANG_00Z, ANG_O04, AMG_00S, AMG_009.
1le name again, or pr'ess % fa awit.
PROCESSING
. If data number is less than required by the slickenside inversion

procedure or Bingham statistics (see Chapter 4.5 and 4.6.1 — 4.6.6),
the software is unable to calculate stress field or statistics
parameters, and an error message will displayed, and the program
will continue the processing.

= If regression is required for the average calculation and the data set
is singular (see Chapter xxxx), no average will be calculated, and a
message will inform the user about the data set singularity.
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INTRODUCTION

Consol interface - Manually create setting file

1.2.5

INPUT USER SETTINGS - to exit: press [X]
- Data conwention:
- gaerman with dip direction. s iee s innecnncannncnnnnnns [a
- or right-hand rule with strike. . iee i innncennanns [+
- Plot t
s J’cﬂgei’rper plot with planes. e ianansasnssnnsnnnnnnnasl
- ar Hospperer plot with poles.ceeiiee e inncinnncnnnanns [
- Met type:
- equal are Schmidt-met. ... .o iiii i et e [
- or equal angle Wulff-ret..coieiierasnssnnsnnnnnnnasl
- Hemisphera:
- upper hemisphere. it iiee s incesnnconnceansncnnnnnnns [u
- or Tower hemisphere. oo oo e st e e nae s [L
- Carrection of measured data with:
B =" 1= T T [k
- paleoc-north direction.esiiee s ieeeinncannceannnnnnnnnns [p
: i
b
n

* g . If no setting (*.set) file and don’t want to
LI use hard coded defaults, it is possible to
manually create own setting (*.set) file for
the project;

. To do, hit ‘n’ after asking for input settings ©;

- or bedding and palec-rnorth direction.. ... .cvoeaaaans
- Using group codes:
- use and evaluate groups ndependently. e ieiecenncnns [
- or do not use and evaluate groups together........... [
- Clustering:
SN el [V [ s [ n B OO0 oo oo oooan oo oo ooo ooooooaooaoooaaoa iy
- automatic cluster AUmbEr . . i s e i i s e e [a
S s e =M E R 00000000 00000000 00000000 0000000 00 [2..9

: Do You want to use and sawe thesze settings....[5],
7R use default walues. . ueeeieaineeesnernnnnnnnsns 0],

T o [M].

- Labeling of stereonet:
OF BTl iuuaeasacassansnansnnnsnnnsannssnnnsnn [ [ 7

- Tabeling of measured data using data ID.ceeseannnannal

o EF =RE0000000000000000000000000000000000000000000000 [

- Irwversion of slickenside data:
- pseudo-imversion using Sprang's C1972) MDA method....[
- pzeudo-inversion L=s1ng Turner's [1353) PTH methu:ud....[
regression using Fry's ClS'E'S'] method. coescennnaus el
regrezsion using Shan et al's (20030 method [
regrezzion using Michael's (1984) method............. [
IMWersion Using J’cﬂge'l'ler' s 1954 methnd.............E
[

. To enter new settings, you have to set up the
- Anwersion Mostafa's (20080 method....oeecieincinnnns
= OF NMOF2 . s sssssnsssnsssmsssnsssnsssnss s ssmssnsnns:

- Wirtual symmetric strias set: . .
- uze wirtual symmetric striaes 5etE‘|‘ , character code of the desired options one by
M 1

- ar do not generate virtual symmetric set...ieceeancaas . , . , -
= Idja‘l [Inmrement dizplay for zlickensides: [ one. No ‘cancel’ or ‘undo’ possibility, you can
= B - L L L L R R L T b . L i
- or do not displ @y eessassnnsinnnsnnnsnnnnnnnsnnnssnnaanl, N only exit (hitting ‘X’ ) or complete setting
- Angle between 1 and fault plane for pszeudo-inversion:
- 10 to 30 degrees. uiiieiissiisniisa e [10..80]7 20 generation;

- Fracture statistics: ] ] ]
- Bingham sztatistics for weight point computation......[B],

d new settings one by one, entering the

o = GERE0000000000000000000600000000000000000000000000 [M]1? b
- Linewidth 1n points (1572 1nchl:
- 0.1 _1I:D 11:I:I..L_:| ......................... [1...5, 0 for 1.0]7 &
- Rose plot tor data sets: H H
- symmetrical .. SRR AR LU EUREROS ES% . - After some experience using the software, the
- or asymmetrical e eei e iee s e r s s a s s al]? = H H H H
- Bin siee on rose plots easiest way is to manually modify the setting
C & 353:33?:::::::::::::::::::::::::::::::::::::::::EE%: (*.set) file using a text editor, or to use the
e L T 1= C - -
- apr ZZ.EGEZSiEES ...................................... [d]'.; de graphlcal interface.
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INTRODUCTION
1.2.6

Consol interface - Running with arguments and redirecting of screen output

RUNNING WITH ARGUMENTS

. Is it possible to run the software with arguments in the
following format:

Dicpphsgeps_l-sq2ps ang anga

= Use this option, if you want to process large data sets
(>10000 records) or more files;

. If running with arguments (and all of input *.rgf files are
corrects), no user input is needed;

= The software checks all of input files one by one; if any
error occurs, it is possible to fix it before starting the
processing;

= After checking input files, processing starts. If coordinate

(*.xy) files are present, they will be used; if setting file(s)
are present, will be used; if no setting file, hard coded
settings were used but not saved;

. Input (*.rgf) file check takes some seconds, but after the
fixing of any errors, the software works automatically and
processes the input without user’s contribution.

REDIRECTING OF SCREEN OUTPUT

It is possible to redirect screen output into text
file format using ‘==’ operator on the following
way':

O:'cpphsgips_le-sg2ps ang ang? == output.txtg

This type of data processing is ideal if the user
want to keep displayed evaluation results for
future processing or report;

Please note ALL of screen outputs will be re-
directed by the operating system into the user
defined file; if the input (*.rgf) file has any
error, the warnings will be re-directed as well,
and no possibility to correct any data — in this
case the software is waiting for user input, but
the user is not informed about;

It is recommended to use this option just with
correct, cross checked files.
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1.3.1

GRAPHIC OUTPUT

Stereographical projections

ALL OBSERVED STRIAE DATA FROM DATA POINT ANG002

Data rumber: 38
Average bedding: 05070

Angelier glot, Schmist net, lower hemisphere

Irversion afizr Angeler (1990)
4237185, 52 041108, S 437100

51: 227185, S [47/05, 53: 137/00
R: 0:266, R'- 0 266, PURE EXTENSIVE

Data number: 38
Carracted by average bedding 050770
Corracted by palase north directions N

Angeiier-glot, Schmidt-net, lower hemisphare

Imversion afier Angeter (1980]
S1: 114018, 52: 212024, 53: 34959
R: 0.078, R~ 2 078, TRANSPRESSIVE

COMPRESSION

EXTENSION

COMPRESSION

EXTENSION

— 0 aeg

— sy

ANG
— fham

— Wnax

— Wag

— g

— Mag

= g

You can use free softwares (eq.
GSview) to display generated
*.eps files; if you want to use
GSview, install Ghostscript
before.

If you are using GSView, please
don’t forget to thick
Options/EPS clip option,
otherwise a rotated and clipped
view will displayed on the
screen.

At the left upper corner, data

type and data point locality is

indicated; if the option ‘using
groups’ is selected, than group
name is indicated there;

Upper half of the final plot is to
show original data set, lower

half is for the re-tilted (bedding

and/or palaeonorth corrected)
visualization of them;
Plot type, projection and
hemisphere is displayed left
below of stereonets;
Stress inversion result is
presented right below the
stereonets:
. stress inversion
methodology,
. stress axes directions,
. reduced stress tensors
value after Angelier
(1979), after Delvaux et
al. (1999) and
. the stress regime;

If fractures were processed, Bingham
analysis could be displayed here:

= density ellipsoid axis directions

and

. axes length (eigenvalues).
For slickensides, stress inversion is
carried out, red, green and blue
rectangles show the maximum,
intermediate and minimum stress
axis orientation.

SYMBOLS
FAULTAND STRIAEDATA  STRESS NVERSION ROSEFLOT GROUPS
e ~
ult plane e
Group X
* 2 GESMEESNE
31 axis 4 Grow F'
Averags bedding 32 axie Y 4 = Group T’
o *
Averags bedding S3aus 4 Group D
Overtirmsd
|
Neemal faut Prane dp directon G T
/f—_‘ » «
Reverse fault Maximum horizontal siress Grow F
T Dextral fult —
_ Grow G

Sinistral fault
Miriimum hoszontal stress Group
Unknown faut

= Lineation dig direztion i Graue '
Ideal movement

For planes, Bingham statistics could be
used; red, green and blue rectangles
show the maximum, intermediate
and minimum weight axis
orientation;

Black and white arrows show the
maximum and minimum horizontal
stress directions;

Red great circle shows the average
bedding.
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1.3.2

GRAPHIC OUTPUT

Stress field properties, stress estimators

Rainbow colored bar shows
the possible stress regimes
from radial extensive (black)
to radial compressive (red).
White line shows the
current stress regime
after inversion.

RUP bar shows the relative
upsilon ratio (theoretical /
computed shear stress
vector length) from O to
maximum RUP value (see
chapter 4.8.2). Thickness of
gray bars in the background
shows the density of RUP
values.

If different clusters are
visible on the RUP chart,
they can show different
striae sets working in
different stress fields; use
RUP bar to identify
possible striae sets in a
mixed data set.

COMPRESSION

EXTENSION

COMPRESSION

EXTENSION

RUP

— g

— g

ANG

— g

~ Mg

— ag

ANG bar shows the angular
misfit between the
measured and calculated
stress directions from O to
the maximum ANG value.
Thickness of gray bars in
the background shows the
density of ANG values;

Use ANG bar to check
reliability of stress tensor
calculation; large number of
large misfits indicates
uncertain / questionable
stress inversion result.

Mohr circles show the
stress status as well as
normalized normal and
shear stress values for each
evaluated data;

Mohr circles color refers on
stress regime.
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GRAPHIC OUTPUT

Rose plots

1.3.3

Kose plot for measured data

Average bedding: 05070

. Equal bin size rose plots show T

the directional density change
of the evaluated data set;

= 0oy

= Rose plots can show directional

distribution of data strikes or

dip directions; |
- In the case of planes and lineations,
) ] green pies show relative density of data
" Symmetric and asymmetric dip direction:
plots with 2.5, 5, 10 and 22.5
o . If slickensides or s-c planes are

degrees bin size are available; > -
evaluated, greens pies show relative

density of striated planes or s planes;

Rosa ploa for dip cormected data
Corrected by average bedding 05070

. Large stereonets are for Cmitts bt i
ANG

— M9y

. Blue transparent pies are displaying
relative density of slickenside slip
direction or c plane dip direction.

]

horizontal (strike or dip
direction) distribution;

L oy

. Small quadrant plots show i

— ey

vertical (dip angle or plunge)

directional statistics; 8.

. Relative density of processed e
data is indicated by numbers

and dashed gray lines.
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INPUT FILE FORMAT
RGF data format I.

2.1

RGF data file (*.rgf) is a tab separated text file (CSV industrial standard). First
line is the header, with FIXED content (used by the software to identify
expected field content) to indicate column names; header column names are
bold and blue below. Columns could be in arbitrary order; header is case
sensitive, the file content is not. Please use ANSI characters for the file name
and content.

1st column is for the DATA _ID*; all of measurements entered in the RGF file
must have an individual ID, which must be different from each other.

2nd column shows the GROUP_CODE; use if you want to process more than one
group (ie. different slickenside sets on the same location); characters ‘A’ — ‘I’,
X', ‘a’-'i" and ‘X’ are accepted here. If the field is empty, group will became
default group ‘X’;

3rd column is for the COLOR__CODE; use characters ‘A’ — ‘J’, ‘a’ — ‘j* or numbers
0 — 9 to plot different colors. Empty cell, A and 0 is for default black color, other
characters are for the colors at the right;

(1N}
=
o
L
a9
=]
-
=]
[

I DATA_ID LOCATION FORMATION DATATYPE
[ 2 D5 0084 & g 2300 1507BRS ) 2BE3928 FARS fracture
L3 )05 0055 | a C 2300 18876RS 2863920 FARS fracture
(4405 0086 3 C 2300 1567BRES . 2BE3928 FARS fracture
(5 )05 0057 a C 2300 18876RS ) 28E3928 LOWERFARS bedding
(B JD5 0058 = f 230) 1557663| 28539258 LOWWERFARS  bedding
[ 7 D5 0089 b f AMNGO01 FBR3E71 | 522365 striae
(8 J05 0050 b f AMNGO01 FBR3E71 | 9282365 striae

205 0091 b f ANGO01 7BR3871 ] 9282365 striae

4th column is for the LOCATION of the
data point where the measurement has
done. You just need to enter the new data
point name, otherwise the data point name
of the previous record will be used. At

least the first record must contain data.

44
33
42
20
40
329
315
312

BE
Ba
B4
B0
B0
71
Ba
7

Color code 'F

Color code "B’

Color code "G’
Color code 'C’

Color code 'H’
Color code D’

Color code I’

Color code 'E

Color code "J’

PALEONORTH

L_DIP_DIR
L_DIP

COMMENT

reliable
Q0 overturned
328 72N
310 14 M 15
B3 M i
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INPUT FILE FORMAT
RGF data format II.

2.1

5th and 6t columns are for the LOC_X and LOC_Y coordinates . 8th column is for the DATATYPE. Enter new data type if
of the data point; just enter new data, otherwise previous record changed, otherwise it will be filled by content of previous
will be used. The following solutions are useful: record:

= leave these fields empty if you do not have coordinates or = for lithology: ‘lithology’;
= for lineations: ‘boudain’, ‘foldaxis’, ‘kink’,

‘lineation’, ‘userlineationl’, ‘userlineation2’,
‘userlineation3’, ‘userlineation4’ and
‘userlineation5’;

. for planes: ‘bedding’, ‘contact ‘, ‘crossbedding’,
‘foldplane’, ‘foldsurface’, ‘fracture’, ‘lithoclase’,

do not need them;

= fill them manually, or

. if you want to process the final spread sheet with GIS /
database manager softwares, use coordinate (*.xy) file
(see Chapter 2.3) — in this case the content of these

columns will be overwritten by the content of xy ‘plane’, ‘userplanel’, ‘userplane2’, ‘userplane3’,
coordinate file; ‘userplane4’, ‘userplane5’, ‘s1’, ‘'s2’, ‘'s3’, ‘s4’, ‘s5’
and ‘vein’;
7t column is for the FORMATION name; not required to fill. = for slickensides: ‘striae’, and
Enter new formation name, otherwise it will be filled by content =« for s-c schistosity: ‘sc’;

of previous record;

PALEONORTH

COLOR_CODE

T8}
=
=]
i
=
=
=]
=
2

L_DIP_DIR
L_DIP

| DATA_ID LOCATION S S FORMATION DATATYPE COMMENT
[ 2 |D5 0084 & g 2300 1587ERS ) 2BE392E FARS fracture 44 Bh
L3 (D5 0055 a C 2300 1587ERS ] 2BE392E FARS fracture 33 B4
(4 D5 0086 C 2300 1587BRES . 2BE392E8 FARS fracture 421 B4
(5 (D5 0057 a C 2300 188YERS ) 2BR3928 LOWERFARS bedding 200 B0 reliable
(B (D5 0058 = f 2300 1557663| 28539258 LOWWERFARS  bedding 40 B0 o overturned
|7 D5 0089 b f AMNGO01 FBR3E71 | 522365 striae 329 A1 32 72N
(8 (D5 0050 b f AMNGO01 FBR3E71 | 9282365 striae 35BS 310 141N 15

205 0021 b f AMNGO01 Pl = e = e i striae 320700 BBIN M
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INPUT FILE FORMAT
RGF data format Ill.

2.1

9th DIP_DIR column is for the strike/dip . 11t L DIP_DIR column is

direction (depending on input settings) of = for the strike/dip direction either c planes of s-c data sets, or for the
lineations, planes, planes with slickenside, or bearing of striae lineation (values between 0.0 — 360.0 are

s planes of s-c data sets. All of records must accepted), or

be filled except the case of ‘lithology’ . for the pitch angle of the striation in the case of using pitch
datatype. Values between 0.0 — 360.0 are convention. All of records must be filled in the case of ‘striae’ or ‘sc’
accepted. data type; enter values between 0.0 — 90.0 for the pitch angle.

10t column is for the DIP angle (plunge) of =« 12th | DIP column is

lineations, planes, planes with slickensides, = for the dip angle of c plane or plunge of slickenside lineation. All
or s planes of s-c data sets. All of records records must filled if using ‘striae’ or ‘sc’ data types (values between
must be filled except the case of ‘lithology’ 0.0 and 90.0 are accepted), or;

datatype with values between 0.0 — 90.0; . in case of pitch convention this column indicates the dip direction of

the pitch (enter ‘n’, ‘nne’, ‘ne’, ‘ene’, ‘e’, ‘ese’, ‘se’, ‘sse’, ‘s’, ‘ssw’,

‘sw’, ‘wsw’, ‘W', ‘wnw’, ‘nw’ or ‘nnw’ for pitch direction);

PALEONORTH

LL L
E (=]

=]
i LI
% (a3

o
] -
= =]
L i

L_DIP_DIR
L_DIP

| DATA_ID LOCATION S S FORMATION DATATYPE COMMENT
[ 2 |D5 0084 & g 2300 1587BRS ) 2863928 FARS fracture 44 Bh
L3 (D5 0055 a C 2300 18876RS 2863920 FARS fracture 33 B4
(4 D5 0086 C 2300 1567BRES . 2BE3928 FARS fracture 421 B4
(5 (D5 0057 a C 2300 18876RS ) 28R3928 LOWERFARS bedding 200 B0 reliable
(B (D5 0058 = f 230 1557663| 28539258 LOWWERFARS  bedding 40 B0 o overturned
|7 D5 0089 b f AMNGO01 FBR3E71 | 522365 striae 329 71 328 TAN
(8 (D5 0050 b f AMNGO01 FBR3E71 | 9282365 striae 35BS 310 MI M 15

205 0021 b f AMNGO01 7BR3871 ] 9282365 striae P = M
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INPUT FILE FORMAT
RGF data format IV.

2.1

13th SENSE column is for the 1) movement direction along slickenside,
and 2) to indicate normal/overturned geometry of bedding. Must be
filled in the case of slickensides and in the case of overturned beds,
otherwise it is empty. The following characters are accepted here for

- 14t column is for the PALEONORTH direction;
if it is known, can be indicated and used,

slickensides: otherwise leave empty. Values between 0.0 —
= ‘+’, ‘thrust’, ‘up’, ‘inverse’, ‘U’ or ‘i’ for inverse/reverse offset, 360.0 are accepted here;
. ‘-’ ‘normal’, ‘fault’, ‘down’, ‘downward’, or ‘n’ for normal
movement, . 15t column is for your COMMENTS.

" ‘dextral’, ‘dx’ or ‘d’ for dextral movement,

" ‘sinistral’, ‘sn’ or ‘s’ for sinistral movement, and u 16t and other columns: will be not processed by

= X or ‘none’ for unknown offset; the software. Everything behind the 14t column
For bedding planes, use

. ‘0’ or ‘overturned’ to indicate overturned bedding, otherwise it will
be handled as normal one;

will be exported with no modification, so it is
possible to store here as many data as you want.

. it is allowed (but not necessary) to use ‘n’ or ‘normal’ to indicate
normal bedding;

PALEONORTH

LL L
E (=]

=]
i LI
% (a3

o
] -
= =]
L i

L_DIP_DIR
L_DIP

| DATA_ID LOCATION S S FORMATION DATATYPE COMMENT
[ 2 |D5 0084 & g 2300 1587BRS ) 2863928 FARS fracture 44 Bh
L3 (D5 0055 a C 2300 18876RS 2863920 FARS fracture 33 B4
(4 D5 0086 C 2300 1567BRES . 2BE3928 FARS fracture 421 B4
(5 (D5 0057 a C 2300 18876RS ) 28R3928 LOWERFARS bedding 200 B0 reliable
(B (D5 0058 = f 230 1557663| 28539258 LOWWERFARS  bedding 40 B0 o overturned
|7 D5 0089 b f AMNGO01 FBR3E71 | 522365 striae 329 71 328 TAN
(8 (D5 0050 b f AMNGO01 FBR3E71 | 9282365 striae 35BS 310 ’Ifil M 15

205 0021 b f AMNGO01 7BR3871 ] 9282365 striae 320700 BBIN M
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> 2 INPUT FILE FORMAT
] SET data format

SET data file (*.set) is a non case sensitive, tab
separated text file with storing the settings keys and
values used during data processing. It is not necessary
to have all settings; if any correct setting is found in the
file will be used, othervise default settings were applied.
The order of these settings in the file is arbitrary. Default
keys are bold and blue, and default settings (hard
coded ones in software) are bold characters.

DATARULE: ‘g’ for german dip direction/dip convention,
and ‘r’ for right hand rule input (output will be in the
same format as the input);

PLOT: ‘a’ for classic Angelier plot, and ‘h’ for Hoeppner
pole point plot;

PLOTTYPE: ‘s’ for equal area Schmidt projection, and ‘w’
for equal angle Wulff projection;

HEMISPHERE: ‘U’ in the case of upper, and ‘I’ for lower
hemisphere;

TILTING: refers to the bedding and palaeonorth
direction correction: use ‘b’ to re-tilt everything with
the bedding, ‘p’ to correct by palaeonorth direction, and
‘a’ to do both of them.

GROUP: if you want to use groups (if they are indicated =
in 2nd column of RGF file), all data will be separated by
locality, datatype and groups, and processed/displayed
on this way. Input 'y’ to use groups, or ‘n’ to do not use
them.

CLUSTERNUMBER: enter ‘n’ do not use, ‘a’ to find the
ideal cluster number, or 2 — 9 for the required number of =
clusters.

RUP_CLUSTERING: enter ‘n’ do not use, ‘a’ to do a
clustering using the angular misfit (ANG) values of the
stress inversion, or enter ‘r’ to use the relative upsilon
(RUP) value (see Chapter 4.8.2) in the clustering
procedure.

LABELING: enter 'y’ to label all of your data on the stereonet,
otherwise use ‘n’.

INVERSION: for the striae inversion methodology:
. ‘n’ for no inversion,
. ‘d’ for NDA after Sprang (1972),
. ‘p’ for PTN after Turner (1953),
. ‘f” for Fry (1999),
. ‘s’ for Shan et al (2003),
. ‘m’ for Michael (1984),
. ‘a’ for Angelier (1990), and
. ‘o’ for Mostafa (2005).

VIRTUAL: for the virtual symmetrical data set: enter 'y’ to use
them, otherwise input ‘n’.

IDEALMOVEMENT: enter 'y’ if you want to display ideal
movement direction of slickensides, otherwise use ‘n’.

STRESSANGLE: for the angle between the maximum stress
direction and the slickenside direction, and will be used only by
NDA and PTN methodologies; enter a number between 10 and 80
(30 deg is the default setting).

BINGHAM: for fracture weight point statistics: enter ‘b’ to use
Bingham statistics, or ‘n’ if you do not need.

LINEWIDTH: used on stereonets in points; enter 1 - 9 for 0.1 —
0.9, or O for 1.0. Default 6 is for 0.6 points.

ROSETYPE: enter ‘s’ for symmetric and ‘a’ for asymmetric one.

ROSEBINNING: enter ‘a’, ‘b’, ‘c’ or ‘d’ for 2.5, 4.0, 10.0 and 22.5
deg bin sizes on the rose plot.

ROSEDIRECTION: enter ‘s’ or ‘d’ to show strike or dip direction
distribution on the rose plot.
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INPUT FILE FORMAT
XY data format

2.3

. XY data file (*.xy) is a tab separated text file with the following
properties:
= Has 4 columns;
. First line is the header, with arbitrary content (it is

recommended to indicate column names here);

. 1st column is for the data point name. The software will use
this field to search for coordinates to merge with the original
input (*.rgf) file content. In the case of repetition of data point

names, error message will displayed;

. 2nd and 3" columns are for coordinates in user defined
numeric format and order. Just correct numeric format will
checked but otherwise not processed by the software just

merged with the opened *.rgf file content.

. 4t column is for the (optional) formation name; the software
will use this field to complete the original input (*.rgf) file

content and overwrite the FORMATION field if it.

=
=
=
3
o
-

001
" ooz
" oo3
" 004
" oos
" 006
" oo7
" oog
" oo9
" o1
" o1
"oz
" 013
" 014
" 015
" 016
o7
" 018
019
" oz20
" 021
" o2
" 023
" 024
" o2s
" 026
Y027
" 028
" 029
" 030

LOC X

36129135
36117464
36118041
36117797
36117485
36.119754
36.116457
36.115977
36113235
36112914
36111820
36111597
36.1214356
36.120050
36.117612
36116039
36115622
36113558
36109544
36142698
36.143330
36.144300
36.144910
36145046
36145050
36.144580
36144252
361425930
36.141660
36.140685

LOCY

44 677941
44 BE292E
44 BREF2T
44 FEE105
44 RE7TRIT
44695424
44 59959654
44701818
44, 703591
44 703951
44704550
44 703153
44721526
44720642
44719546
44720087
44 719530
44714509
44713332
44 BE0EE
44 6580070
44 6577533
44 75550
44 B7 4649
44 573880
44 672364
44 671924
44 BBY5ES
44 BE470
44 BhESEE

FORMATION

SHIRANISH
TAMIERD
TAMIJERD
TAMIERD
TAMIERD
TANJERD
SHIRAMISH
SHIRAMISH
SHIRANISH
SHIRANISH
SHIRANISH
TAMIERD
TANJERD
TANJERD
TANJERD
TAMIERD
TAMJERD
TAMIJERD
TAMIERD
TAMIJERD
TANJERD
TANJERD
TAMIERD
FARS
SHIRANISH
SHIRANISH
FARS
SHIRAMISH
SHIRAMISH
BAKHTIAR
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PROCESSING AND DISPLAY

German dip direction and right hand rule

3.1

GERMAN DIP DIRECTION RIGHT HAND RULE

In the case of right hand rule, planes are described with

. In this case the planes and lineations are described by .
the dip direction and dip angle of the element, in this strike direction (-90 degrees from dip direction) and dip
order; angle of the planar object, in this order;

= To convert german convention data set to right hand rule = Lineations are presented by bearing and plunge, which

data, add -90 degrees to the dip direction. are the equivalents of dip direction and dip angle.

Data number: 86 Data number: 86
Average bedding: 030160 Average bedding: 030160

Same fracture data set
processed as german
convention data (left) and
right hand rule data (right).
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3.2

Angelier and Hoeppner plot

PROCESSING AND DISPLAY

ANGELIER PLOT

Angelier plot shows all planes as great circles, and all
lineations as points;

In the case of slickenside visualization, fault plane and
the movement direction along it is displayed;

HOEPPNER PLOT

Hoeppner plot shows pole point of the planes;
Lineations are displayed as points as well;
Striae are plotted as pole points pointing in the
movement direction of the hanging wall;

. Easy to read in the case of homogenous data sets, or in . This representation is really useful in the case of large or

the case of small number of data. inhomogeneous data sets.

Data number: 38 Data number: 38
Average bedding: no bedding measured

Average bedding: no bedding measured

A
I\

7
4N
J I FH

Angelier plot (left) and
Hoeppner plot (right) of
Angelier’s (1990) TYM data
set.
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3 3 PROCESSING AND DISPLAY

Schmidt and Wulff net
SCHMIDT NET WULFF NET
. Equal area projection; . Equal angle projection;
u Great circles are Bezier curves. u Great circles are arcs.
Data number: 38 Data number: 38
Average bedding: no bedding measured

Average bedding: no bedding measured

Schmidt-net (left) and W
net (right) projection of
Angelier’s (1990) AVB data
set.
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3.4

PROCESSING AND DISPLAY

Lower and upper hemisphere

LOWER HEMISPHERE

UPPER HEMISPHERE

Projects on lower hemisphere . Projects on upper hemisphere

Data number: 86
Average bedding: no bedding measured

Data number: 86
Average bedding: no bedding measured

—ower hemisphere (left) ana
upper hemisphere (right)
projection of the same
inverse slickenside data set.
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‘ PROCESSING AND DISPLAY

Correction with average bedding and palaeonorth direction

Original dataset Corrected by 30 deg
palaeonorth direction for all

of data

Selecting bedding correction option, all
data will be re-tilted by the average
bedding measured in the outcrop. If no
bedding data, the plot for measured and
corrected data will be the same.

Selecting palaeonorth direction
correction, all data will be corrected with
the palaeonorth direction entered in RGF file.
Correction will be done record by record.

Third possibility is to apply both of these
correction re-tilting everything by average
bedding plane direction and by palaeonorth

direction.
All data corrected by 030/60 Corrected by 030/60
average bedding direction average bedding and by 30

deg palaeonorth direction.
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3.6

PROCESSING AND DISPLAY

Processing with and without using groups

Data set with three
different groups not
using groups
processing option — all
data will be processed
altogether and
displayed using
different colors

Before processing, it is possible to sort the data in
different groups (using group codes in input *.rgf file)
and evaluate them separately.

If group processing option is not is use, data from
different groups will displayed with different colors, and
will be processed altogether;

Using groups setting option, groups will be processed and
displayed group by group using default black line color.
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PROCESSING AND DISPLAY

K-means clustering

3.7

. Built in k-means clustering LIMITATIONS:
module is coded to identify
different clusters of an . First step of k-means clustering is to sort the
inhomogeneous data set; input data in k groups using different

Dt algorithms. Please note clustering result

. Normal k-means clustering depends on this initial step, and sometimes the
sorts all of data into k user iteration algorithm produces a mathematically
defied groups. correct solution, but it is just a local and not

global solution.

Clustering of the same data set into two, . User defined k value is the maximum of

three, four five and six clusters with possible group numbers; because the iteration
32.16%, 1,2_9%, 0.73%, 0-68% and_ methodology uses distance calculation, some
0.20% relative error. Last solution with groups can became empty (all data fits better

six clusters and 0.20% relative misfit is
the best fitting solution.

to other groups). If data group becomes
empty, group numbers was overestimated.

Data number: 121 Data number: 121 Data number: 121
Average bedding: 000100 Average bedding: 000100 Average bedding: 000100
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PROCESSING AND DISPLAY

Labeling and grayscale image

3.8

. Labeling option can help to identify data one by
one;

. Labeling of large number of data is not
recommended because the possible
overlapping.

Same data set plotted on Hoeppner plot
without and with labels (left and right,
respectively). Red circle shows the
average bedding.

Same data set with RGB and grayscale
output

. Grayscale option is ideal for publications or
black and white printouts;

. Different dash patterns and three different
grayscale colors are used to differentiate
data using group code or color code..
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PROCESSING AND DISPLAY

Inversion |. — regression with a priori assumption

3.9.1

Regression methodologies with a priori assumption are
calculating maximum and minimum stress orientations for
each slickenside based on fault plane and striae
geometry, and searching for the best fitting stress tensor;
To calculate stress axes direction, a priori assumption is
required about the a angle between the fault plane
(holding the slickenside) and the maximum stress axis
direction.

Usually, a value could be approximately 30 degrees.

N

V78
S 7/’//11/17 Z 14-/1 X

T . / .I':- : = y
ST 27

Angelier's (1990) AVB
data set processed by
NDA (left) and PTN (right)
algorithms. Value of a is
30 degrees.

NDA after Sprang (1972)

. NDA methodology calculates the best fitting stress
tensor on this way for the entire data set. For details
see Chapter 4.6.1.

PTN after Turner (1953)

= PTN methodology calculates the best fitting tensor for
maximum, minimum and intermediate stress
orientations and processes this tensor. For details see
Chapter 4.6.2.

N

B

582 si
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PROCESSING AND DISPLAY
3.9.2

Inversion Il. — regression without a priori assumptions
) ) ) o ) FRY (1999)
. Inversion methodologies without a priori assumptions Fry’s (1990) methodology is a classic six dimensional regression to
satisfying Angelier’'s (1979) basic equation about no solve the equation on the left hand side; use for minimum 6 data at
traction in direction perpendicular to striae the same set (see Chapter 4.6.3);

direction; b, is perpendicular to the striation, T is the

stress tensor and n; is the plane normal of the it" data. SHAN ET AL (2003)

= Shan et al’'s (2003) solution is five dimensional regression assuming
6,1 + 0y + 033 = 0; use for minimum 5 data at the same set (see
o O O3 |lM Chapter 4.6.4);
b,-T-n = b, bs||op o0, o, |n, =0
i i [bl 2 3] 12 22 23 2 MICHAEL (1984)
013 O O3] M . Michael's (1984) solution is to calculate the shear vector with assumed

unit length (see Chapter 4.8.1) and find the best fitting stress tensor
using five dimensional regression.

Angelier’s (1990) AVB data set processed by Fry’s (1999), Shan et al's (2003) and Michael's (1984) regression methodologies, respectively.

36
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PROCESSING AND DISPLAY
3.9.3

Inversion Ill. — direct inversion
. Direct inversion technologies are expressing an estimator describing ANGELIER (1990)
the cumulative misfit between the measured and computed slickenside = Angelier’s (1990) methodology calculates a misfit
movement direction (misfit angle, divergence vector, etc); vector v between the measured and calculated
. Basic assumption after Angelier (1979) is to suppose c,; + G,, + O35 = shear vector, and minimizes its length (see
0 and 6,,2 + 0,,2 + 0532 = 3/2; the stress tensor below fits to these Chapter 4.6.6).
criteria;
. To minimize the misfit, create partial derivates of the stress MOSTAFA (2005)
estimator, and solve the equations. . Because the measured stress vector length is
[ 1 unknown, Angelier (1990) assumed constant
measured shear vector length A; Mostafa’s (2005)
011 O O3 cos(y) a 4 i e
ju methodology is the same as Angelier’'s (1990) one,
T=lop 0p 0= @ COS[‘”*?) B with iteration in the measured shear vector
013 O3 O33 length A to decrease v misfit vector length (see
4 B COS(‘/’+_j relative upsilon RUP bars below, and Chapter
4.6.7).
Angelier’s (1990) AVB data set processed by Angelier’'s (1990) and I\E/slos%afa’s (2005) methodology
e e T RUP ANG

~ 13tdeg
— 1sdsg

— 100%

COM PRESSION

~ 11T
l — 100%

COM PRESSION

Z5=vilIN N
Z<all)/h/=") < =2
XI A I FK

~ 50%

- 50%
~ 50deg

— S0deg

L
EXTENSION
I

EXTENSKON
|
=
=

_ tideg

I
-
&

— Odeyg

Angelier-plot, Schmidt-net, lower hemisphere Inversion after Angelier (1990) s3 s2 si Inversion after Mostafa (2005)
51: 227/85, 52: (047/05, 53 137/00 S1: 22685, S2: 043/05, 53: 133/00
R: 0.266. R': 0.266. PURE EXTENSIVE R: 0.089, R": 0.099, RADIAL EXTENSIVE
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PROCESSING AND DISPLAY

Virtual symmetrical data set

3.9.4

- Some inversion methodologies are sensible on the symmetry
of the input data set; in some case of asymmetry the result is
mathematically correct, but not from geological point of view;

= One of the possible solutions could be to generate a virtual,
symmetrical data set; this virtual set is composed by the
original data rotated by 180 degrees around a vertical axis;

The result stress field axes will be definitely Andersonian with
two horizontal and one vertical stress axes.

Same data set processed without (left) and with
(right) virtual symmetric data set.

COMPRESSION
.

EXTENSION

s3

s2

COMPRESSION

EXTENSION
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3

PROCESSING AND DISPLAY

Stress angle

9.5

Data number: 21

. Regression technologies with a priori assumptions are using a angle to
describe angle between the movement direction along the fault plane and the
maximum stress direction.

. This value can be constant, or the best fitting value can calculate using iteration
methodologies (Ortner et al. 2002).

Same data set processed with NDA technology using different o angles between movement
direction and maximum stress axis direction, 15, 30 and 70 degrees, respectively.

Data number: 21 Data number: 21

Average bedding: 000/00 Average bedding: 000100 Average bedding: 000/00

s3 s2 st

s3 s2 st

s1

User manual for “sg2ps” Structural Geology to PostScript converter || www.sg2ps.eu

39



PROCESSING AND DISPLAY

Ideal movement direction display

3.9.6

. Using stress inversion results, ideal shear stress direction is calculated and
plotted;
. Small blue circles show ideal movement direction (calculated stress direction)

on each planes.

Ideal movement directions for two different data sets; small blue circles show the ideal movement direction on each fault planes in the calculated stress field.

Data number: 38 Data number: 7
Average bedding: 050/80 Average bedding: 300137
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PROCESSING AND DISPLAY
Clustering using RUP and ANG values

3.9.7

This clustering methodology is based on SHIMAZAKI AND SHINOMOTO (2007)

Angelier’s (1990) work; according to that, . pjyide the data range into N bins of width A. Count the number of events k; that
single phase slickenside data set has enter the it" bin-

unimodal ANG and/or RUP distribution,
and mixed data set has bimodal or

polymodal ANG and/or RUP distribution. 1Y 1Y 2k —v

This assumption is checked for each data k= Nzki V= ﬁz(ki —k%),C= A2

set, either for the ANG or for the RUP i=1 i=1

parameter. - Repeat these steps changing A, and find minimum of cost function ‘C’.

To find the ideal number of ‘valleys’ or 5 1

‘peaks’ (=number of clusters) in the o

distribution of the ANG or UP values, 0 ' ' ' Bin size versus cost

function graph for a test
data set; cost function
-10 minimum is at ~-18,

In this case, the main goal is to find the resulting ~2.5 ideal bin
right bin size for a data set distribution or ] width for clustering.
histogram. Small bin size results noise -20
(extra, non-existing peaks will appear), too Bin width (delta)
large bin size hides existing peaks.

methodology of Shimazaki and Shinomoto
(2007) was used.

Cost finction (C)

RUP ANG

~ 170% = 126de;
3 g
&
o
&
H
3 — 150%

— 100dag

Too small A

Optimal A* Clustering result of a test
data set, based on ANG
parameter distribution.
The input data set could
(=4 Er be a heterogeneous set, a
[ mixture of at least two

cam | different striae set.

I — 0% — Odeg

Too Iérge A

Histograms for the same data set with too small,
optimal, and too large bin size. Figure of Shimazaki
and Shinomoto (2007).

EXTENSION
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PROCESSING AND DISPLAY

Bingham statistics and fold great circle calculation

3.10

BINGHAM STATISTICS FOLD GREAT CIRCLE CALCULATION
. Average computation can . This methodology is used to find the best fitting plane of ‘foldsurface’ plane
be carried out on different normals to calculate best fitting planes: the great fold circle.

ways; one of them is to
calculate arithmetic

average, or median; Data number: 10

Bingham statistics result for a fracture set Average bedding: 000/00
(below).
. In the case of directional
data (eq. stress vector
direction) this methodology Sn it

might be misleading
(average of compression
vectors of 040/10 and
220/10 is —220/90 and not
040/00 or 220/00);

- One of the possible
solution is the regression
finding the best fitting
‘average’ directions of the
processed data set;

. Bingham directional
statistics calculates
directional density of the

Angelier-plot, Wulff-net, lower hemisphere

Fold great circle of a ‘foldsurface’ data

input fracture data set,
reSUIting the maXimum1 Angelier-plot, Schmidt-net, lower hemisphere Fracture statistics after Bingham (1964) set USing Blngham StatiStics to ﬂnd the
e1: 079/71, e2: 331/06, e3: 239/18

intermediate and minimum Ef: 73.6% E2 25.7% E3: 00.7% best fitting plane.
density directions.
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PROCESSING AND DISPLAY

Rose plots I. — strike or dip direction distribution

3.11.1 ‘

Rose plot when dip direction of the input data
is displayed (
symmetrical rose plot with 5 degree bin size)

Rose plot when strike of the input data is
displayed (symmetrical rose plot with 5 degree
bin size)
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PROCESSING AND DISPLAY
3.11.2

Rose plots Il. — symmetric and asymmetric plots, bin size
. Rose plots are presenting the horizontal and vertical . Both asymmetric and symmetric plots are available;
distribution of data sets; = Bin size can be 2.5, 5.0, 10.0 and 22.5 degrees.
Mg ot U1 ittt U
. - Average bedding: 030160 N 7 u - H

Same fracture data set (middle below) plotted on

asymmetrical (above) and symmetrical (below)

rose diagrams using 2.5 and 22.5 deg bin sizes. /
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PROCESSING AND DISPLAY

Coloring methods overview

3.12

Coloring priority is the following: color code by the user < group code by the user < group code after any clustering

1 Coloring using color codes
(no group code, no clustering)

3B Grouping using group
codes after clustering ANG
parameters
(option ‘Using groups: yes’,
orinigal croup codes are
overwritten by clustering)

2B Separating using group codes
(option ‘Using groups: yes’)

3A Coloring using group
codes after clustering ANG
parameters
(option ‘Using groups: no’;
orinigal croup codes are
overwritten by clustering)

2A Coloring using group codes
(although color codes are present)
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BACKGROUND

4.1.1

Coordinate system and variables I. — D, N and S vectors

Coordinate system for all data processing is: X axis points to
the East, Y points to the North, and Z points upwards. All
coordinate axes are unit vectors.

All planes, lineations, striated planes and s planes of s-c sets
are described using three unit vectors, perpendicular to each
other.

In the case of a planar element, N, unit vector is the plane
normal, perpendicular to the plane, with Z coordinate < 0 (in
the case of overturned beds as well).

NX sin (dipdir) -sin (dip)
N =| NY |=] cos (dipdir) - sin (dip)
NZ cos (dip)

D, vector (dip vector) is a unit vector parallel to the dip of the
plane, with Z coordinate > O (in the case of overturned beds as
well). Computation methodology of dip vector from dip direction
and dip angle data is the following:

DX sin (dipdir) - cos (dip)
D =| DY |=| cos (dipdir) - cos (dip)
Dz -sin (dip)
Calculation of S; strike unit vector (with Z=0) is the following:

S=N®D

The methodology is exactly the same for planes holding
slickensides, and for s planes of s-c sets.

In the case of linear elements, D; vector points in the
dip direction of the linear element. N; vector is
perpendicular to it (as a normal vector of a virtual
plane of which D vector is the dip vector), and S;
vector is perpendicular to both of them. Computation
methodology is the same as for the planar elements.

In the case of absolutely symmetric data set,
during eigenvalue computation division by zero can
occur. To avoid this, small artificial error (+10-9) is
added randomly to X, Y or Z coordinates of each
plane normal vectors.

z U
[e)
2

e\.le\d 30

e\,u
z en \
o]o
N A
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4.1.2

Coordinate system and variables Il. - DC, NC, SC and SV vectors
. DC,;, NC,;, SC,; and SV, vectors are used to describe slickensides and s-c = SV, vector is used to describe movement direction along the
data sets; slickenside lineation. SV, vector is exactly the same as DC; with
SVZ, > 0.0 in the case of downward movement along the
. In the case of s-c data sets, DC;, NC, and SC, vectors are referring to the slickenside, and SVZ; < 0.0 in the case of upwards movement.
dip, normal and strike unit vectors of ¢ plane; in the case of a slickenside,
these vectors are refering to the slickenside as a lineation;
= DC, vector (dip vector) is a unit vector parallel to the dip of ¢ plane or 0%
parallel to slickenside direction, with Z coordinate > 0. Computation g%
methodology of dip vector from dip direction and dip angle data is the %’% U
following: o %
o
DCX sin (dipdir) - cos (di B -
( _p ) ) ( _p) VIRTUAL PLANE OF %%
DC; =| DCY |=| cos (dipdir) - cos (dip) WHICH THE DIP LINE o
DCZ _sin (dip) IS THE SLICKENSIDE N
. NC; unit vector is the ¢ plane normal, or —in the case of slickensides — ) as\9®
) . . i e >E
normal vector of a plane of which DC, vector the dip vector is, with Z G s\ / 9
coordinate < 0. Computation methodology of dip vector from dip direction of 0C° s
. . . N %S
and dip angle data is the following: oW / 9,9
q%@
o 2.0
NCX sin (dipdir) -sin (dip) %
NC; =| NCY | =| cos (dipdir) -sin (dip) Og
NCz cos (dip)
. Calculation of strike unit vector (with Z=0) is the following:
SC=NC®DC
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4.2

BACKGROUND

Stereonet coordinates — Schmidt- and Wulff-net, upper and lower hemisphere

Dip vector is used to display lineations and planes on the SCHMIDT-NET
stereographic projection:
DX
DX . To calculate x and y X=—
D, =| DY coordinates on the Schmidt 10-Dz
. DY
Dz stereonet , use the following y=———
. . 1.0-Dz
equations:
All lineations are described by x and y coordinates on the
stereographic projection; these point are calculated from the
dip vector for Schmidt- and Wulff-net. WULFF-NET X = DX :
vJ1.0-DZ
Planes are either arcs (in the case of Wulff-net) or Bezier . WAuIff net point coordinates are y= DY
curves (in the case Schmidt-projection) using three points the following: v1.0-Dz

to plot them:
. dip of the plane (D, vector, @), and
. two strike points on the stereonet circle (S; and —S
vectors, 6); N

LOWER HEMISPHERE

On stereographic projection, x axis (with unit length) points
to East, and y axis (with unit length) points to the North.

UPPER HEMISPHERE

Coordinates above are in lower hemisphere; to use then in
upper hemisphere projection, calculate expressions below
using the negative DX and DY values of the dip vector:

D, =| - DY
DZ
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BACKGROUND

Striae misfit and correction I. — Misfit angle

4.3.1

In ideal case, the measured slickenside vector is on the = To have the misfit angle between the plane normal N, and the
fault plane surface, and dip vector DC; of slickenside is dip line DC;, calculate
perpendicular to the plane normal vector N;.

a; = farcsin(N; - DC;)|
. In the case of measurement as ‘pitch’, slickenside
lineation is definitely on the fault plane because
measurement methodology. In the case of ‘lineation’
observation, a plane and a lineation is measured,
which are not definitely fitting to each other.

. It is required to correct ‘lineation’ measurements, but not
‘pitch’ observations. One of the possible correction is 1) to
accept dip angle to be correct, and calculate a corrected dip
direction, or 2) accept dip direction to be correct, and
calculate a corrected dip angle.

Original data set with misfit Possible striae misfit corrections
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4.3.2

BACKGROUND

Striae misfit and correction Il. — dip direction and dip correction; offset correction

The first possible correction is
to accept dip angle to be
correct, and calculate a new
dip direction fitting on the
measured plane.

In the reality, both N; and SC;
vectors are perpendicular to
the striae dip vector DC;, but
not necessarily perpendicular to
each other. In an ideal case (ie.
corrected striae), all of these
vectors are perpendicular to
each other. So to get the ideal
movement direction, calculate
the unit vector

DCi = SCl ® Ni

Result of dip direction correction

In the case of dip angle correction, one
accepts dip direction to be correct, and

calculate a corrected dip angle.

In this case, we are searching for the
intersection line of two planes: one is the
fault plane, and the other one is a virtual
plane characterized by NC,, DC; and SC,
vectors. The observed slickenside is in the

plane, and in the ideal case, it is

perpendicular to the plane normal N;, so itis .
in the fault plane as well. The only lineation

satisfying these two criteria is the
intersection line of these planes. To

calculate this intersection line, calculate

new unit vector

DCi = NCI ®N|

Result of dip angle correction

Despite several words are
describing movement direction
(offset) along a slickenside
lineation, just two movement
directions are visible in reality: the
missing block has been moved
upwards or downwards along the
striae lineation.

To do the correction of the user
defined offset, first the pitch angle
(angle between strike and the
slickenside direction, 0.0 — 90.0
degrees) will be computed.

During slickenside data processing,
user input offset will be changed to
be compatible with the followings:
= if plane dip angle is less than
15 degrees, just ‘normal’ or
‘inverse’ offsets are used;
= if plane dip angle is more
than 15 degrees:
= If the pitch angle is less
than 45 degrees,
‘sinistral’ or ‘dextral’
can be used;
= if the pitch angle is
more than 45 degrees,
‘normal’ or ‘inverse’ is
used;
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BACKGROUND

K-means clustering

4.4

At the initial step, k data centers (centroids) 1. Distance of each data to each centroid is calculated on the
are defined; three dimensional centroids are following way;
used for lineation and plane data, and six
dimensional ones for striae and s-c data sets. 5 - ((C X )2 +(C ~ NY)Z +(C ~ NZ)Z)Z
Centroids are unit vectors; ' X Y z ‘
5, =((cU —~NX ) +(Cy =NY ) +(Cyy —=NZ)* +(Cyx = NCX )* +(C, =NCY * +(C, —ch)z)2
Cy = [Cx Cy Cz]:
C=[cy & Cu Cx Cy C]
2. Each data is related to the closest centroid and became
member of centroid’s group;
Eash plane and lineation data is described by a 3. Calculate new centroid unit vector from centroid’s data
three dimensional unit vector, and each group average (n is the clustered database size);
slickenside and s-c data is stored as six ]
dimensional unit vector; C, :lz D,
n =1
D; =[NX NY NZJ . Repeat last three steps above either until a convergence
D;=[NX NY NZ NCX NCY NCZ] limit, or user defined m times. Please note the iteration is
not definitely convergent.
Input data will be sorted into k groups using . Error of clustering is described by relative error (ERR) value:
. random grouping, or
. one by one grouping: first data into the n
first g)r/oup, Secogd ?o the second, etc. ERR :%Zsi 100%

i=1
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BACKGROUND

Directional statistics — Bingham statistics

4.5

. Bingham directional statistics is used to . First generate three unit vectors parallel to the coordinate axes:
display directional distribution of fractures; 0.0 1.0 0.0
n=[10e=|0.0/,u=]{0.0}|,
. During Bingham procedure, a three 0.0 0.0 10
dimensional ‘density ellipsoid’ is generated;
the ellipsoid axes show the maximum, . Calculate the following directional tensor for each it" data set (ang
intermediate and minimum density direction, is the angle between two vectors):
and ellipsoid axes length are referring to the
geometry of the distribution; ‘11 12 é13
Ei=|én &2 &)
. The methodology is a three dimensional E13 Er3  Ea3

regression, and the background is almost the
same as seen in the case of PTN and NDA
inversion methods (see Chapter 4.6.1 and
4.6.2).

&, =ang(N,e)-ang(P,e),
&, =ang(N,e)-ang(P,n),
&3 =ang(N,e)-ang(P,u),
&5 =ang(N,n)-ang(P,n),
&5 =ang(N,n)-ang(P,u),
g3z =ang(N,u)-ang(P,u)

. Calculate the following sum for th entire data set:

. Eigenvectors of matrice E points to maximum, minimum and
intermediate axes if the directional distribution ellipsoid;

. Eigenvalues of matrix E can show the geometry of fracture
distribution ellipsoid.
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4.6

BACKGROUND

Average calculation and singularity

In the case of a single data set, the data set
itself is the average;

If two data forms the entire data set,
mathematical average of their N vectors is
the average. If N, is the opposite of N,, no
average is calculated (would be a null vector);

Bingham directional statistics is used to
calculate data average for data sets with more
than 2 records. If the input data set is
symmetrical, the final directional tensor will
be singular, with a realy small determinant
more or less equal to zero.

€11 €12 &3
Ei=|en €x £3|=0

€13 €23 €33

During eigenvalue and eigenvector
calculation, really small (almost zero)
determinant can result in ‘division by zero’
or in division by a really small number
(generating unreliable result).

33/70 normal
34/71 normal
35/72 normal
33/70 overturned
34/71 overturned
35/72 overturned

Singular data set example —
processing is not possible and
the user is informed on that.

To avoid this problem, during data average
calculation for each data sets with more than
two records, directional tensor is calculated
prior the eigenvalue and eigenvector
computation.

If the determinant of the directional tensor is
less than 10-2%, no average is calculated, and
the user is informed on the singularity of the
input data set.

This singularity check makes sense from
structural geological point as well; what is the
average bedding of a 30/70 normal and 30/70
overturned bed observation?
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BACKGROUND
4.7.1

Inversion methodologies I. — Regression after Sprang (1972)

. Define angle a between the movement direction (slip vector,

SV) and the maximum stress direction;

. Declare North, East and Upwards unit vectors below:
0.0 1.0 0.0
ni = 10 ,ei = 00 ,Ui = OO y
0.0 0.0 1.0
. Calculate p; and t; vectors for each data set, referring to

compression and tension directions:

(1-a)SVX —aNX
p; =| @—a)SVY —aNY |,
(1-a)SVZ —aNZ

(L-a)NX +aSVX
t =| A= a)NY +aSVY |,
(l-a)NZ +aSVZ

Calculate the following sums:

n

P ZZ Pi.
i1
i1

The stress tensor T is the following:

011 O12 O13
Ti=|op o0xn o)

013 Op3 O33

oy, =ang(P,e)-ang(P,e)—ang(T,e)-ang(T,e),
oy, =ang(P,e)-ang(P,n)—ang(T,e)-ang(T,n),
o3 =ang(P,e)-ang(P,u)—ang(T,e)-ang(T,u),
oy, =ang(P,n)-ang(P,n)—ang(T,n)-ang(T,n),
0,3 =ang(P,n)-ang(P,u) —ang(T,n)-ang(T,u),
043 =ang(P,u)-ang(P,u)—ang(T,u)-ang(T,u)
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BACKGROUND

Inversion methodologies Il. — Regression after Turner (1953)

4.7.2

. . Calculate sum tensors
Define angle a between the movement and the maximum -

n
stress direction; P= Z R,
=1

Define North, East and Upwards unit direction vectors below:
n

0.0 1.0 0.0 T=-S'T
n=|10|e=|0.0]u=|00], ;"
n
0.0 0.0 1.0 N :ZNi
Calculate pressure (P), tension (T) and neutral (N) vectors . i=1 .
for eash data: = Calculate the eigenvalues and eigenvectors for
all of three tensors:
(1-a)SVX —aNX (1-a)NX +aSVX P [N
p; =| A—a)SVY —aNY |t; =| A-a)NY +aSVY | n; = p; ®¢; EVAL, =| P, |,EVEC;, =| p, |,
(1-a)SVZ —aNZz (@L-a)NZ +asSVZ P, Ps
Calculate P, T. and N t f h data set referring t u g
alculate P, T; and N. tensors for each data set referring to
compressilonl, tensilon and neutral directions: ° EVALr = E EVEGr = :z
r Ny n
ang(p;.e)-ang(p;.e) ang(p;.e)-ang(p;,n) ang(p;,e)-ang(p;,u) EVAL, =|N, | EVEC, =|n,
P =|ang(p;.e)-ang(p;,n) ang(p;,n)-ang(p;,n) ang(p;,n)-ang(p;,n) |, N 0
Lang(p;.e)-ang(p;,u) ang(p;,n)-ang(p;,n) ang(p;,u)-ang(p;,u) ’ ’
= The reduced stress tensor will be:
[ang(t;,e)-ang(t;,e) ang(t;,e)-ang(t;,n) ang(t;,e)-ang(t;,u)
T, =| ang(t;,e)-ang(t;,n) ang(t;,n)-ang(t;,n) ang(t;,n)-ang(t;,n) |, oo 0 0 R 0 O
|ang(t;,€)-ang(t;,u) ang(t;,n)-ang(t;,n) ang(t,u)-ang(t;,u) 0 o 0(=|0 N, O

0 0 o4/ |0 0 T,

ang(n;€)-ang(n,e) ang(n;,e)-ang(n,n) ang(n;,e)-ang(n;,u)

. The maximum, intermediate and minimum stress
N; =] ang(n;,e)-ang(n;,n) ang(n;,n)-ang(n;,n) ang(n;,n)-ang(n;,n) directions will be EVEC,, EVEC;, and EVEC,,,
ang(n;,e)-ang(n;,u) ang(n;,n)-ang(n;,n) ang(n;,u)-ang(n;,u) respectively.
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BACKGROUND
4.7.3

Inversion methodologies IIl. — Regression after Fry (1999)
. Use Angelier’s (1979) assumption for each . Use regression to search for the best fitting values of T; first compute
slickenside data: b; - T - n; = O, where the coefficients of ¢,,, 6,,, 633, 015, 0,3 and o5, and they are the values

of a six-dimensional unit vector p;:
bi=SV®N=[b, b, b S i

Py by
P2 b,n,

014 O O
11 12 13 p3 b3 n3

T=|op o o pi = =
12 02 O Py bin, +b,ny

O13 Oy O
13 Y23 Va3 Ps b,n3 +bgn,

[ Ps] [ bing+bsny |
NX n
n=| NY |=|n, . Calculate the sum of the inner products (second moment tensor)
NZ N of p; vectors: n .
P= z Pi - Pi
i=1
. Find the eigenvalues and eigenvectors of this 6x6 symmetrical
. In this case matrice, eq. use Jacobi algorithm;
. The eigenvector of the lowest eigenvalue will be:

011 O Og3||M
[o b, byl|on o0n op||n|=
O3 Oy Og3 || N3 . Choose the eigenvector of the second lowest eigenvalue:
Evec:[El E, B3 E4 Es EG]

Eyc =[057735 057735 0.57735 0.00000 0.00000 0.00000]

byoy iy +bioyon, +bioygng +

0,011y + B0y + byorygy + . These values (the coefficients of p; — pg) will be the members of the

stress tensor:

011 O12 O13 E, Es Ee
o, 0xn O0x3|=|Es B, Es
013 Op3 O33 Ese Es E;
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BACKGROUND
4.7.4

Inversion methodologies IV. — Regression after Shan et al. (2003)

. Shan et al’'s (2003) methodology is really . Use regression to search for the best fitting values of the stress

similar to Fry’s (1999) solution; the most
important difference is the reduction in the
dimension numbers using basic assumption -

tensor: first compute the coefficients of ,,, 6,,, 6,5, 6,3 and c,3;
they are the values of a five-dimensional unit vector p;:

after Angelier (1979): 6., + 0,, + 0353 = O; P Puy =3
P2 b,n, —bgng
Pi =| P3 bn; +byny
P4 byns +bsny
. Calculate the best fitting stress tensor for | Ps| [b2ng+bsn; |
the equation below:
= Calculate the sum of the inner products (second moment
tensor) of p; vectors:
011 O1p O3 || M s T
b; 'T'ni:[bl b, ba]' O1p Oy Op3||Ny|= P :;pi.pi
O13 O3 O3] | N3
. Find the eigenvalues and eigenvectors of this 5x5 symmetrical
byoy4My +byoyon, +bioyan, + matrice, eq. use Jacobi algorithm;
by012M; +b,055N; +Dy023N3 +
- The eigenvector of the lowest eigenvalue will be:

byo3ny +03053n, +bsog3ng =0,

Evec:[El E, Es E, ES]

0-11+O-22 +O-33 =0

. These values (the coefficients of p, — pg) will be the members of

the stress tensor:

011 O12 O13

E Es

01y Oy Oy |=|E3 E;

013 Op3 O33
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BACKGROUND

4.7.5

Inversion methodologies V. — Inversion after Michael (1984)

Calculate the following orientation matrix using fault plane
normal directions for each slickenside:

n-nd+nn®  n,—-2n,n? n;—2n;n2  —mnZ+nn? —2nnyn,

M;=| —n,n2+n,n2  n—2nn?  —2nn,n, N, —n,Y+n,ng2 Ny —2ngn2

2 3 2 2 3 2
—Nngny" —ng+ng”  —=2nny,n; N —2nng —NsNg—Ng+N3° Ny —2N,N3

n NX
Ny NZ

Calculate the movement matrix for each slickenside data:

SVX
B, =| SVY
svz

The matrix form of the stress tensor is:

X = 013 ’O-ll+022 +O-33 :0

Calculate following hypermatrices for all of n
faults using orientation matrices and movement
matrices:

Linear equation system to be solved for X is MX =
B.

Rectangular (nxn) form of matrice M is needed
to solve this equation: calculate matrices A =
MT™ and C=MTB, and the equation system to be
solved will be AX = C.

To solve this equation system, use eq. LU
decomposition methodology to compute
members of matrix X; because matrix A is
symmetrical, simple Gaussian elimination will be
not working.
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4.7.6

BACKGROUND

Inversion methodologies VI. — Inversion after Angelier (1990) and after Mostafa (2005)

ANGELIER (1990)

= Angelier’s (1990) methodology calculates the misfit vector v
between the measured (SV;) and calculated (t) shear stress
vectors; length of SV, is unknown, and it was assumed to be

A= \3/2;

. Basic assumption after Angelier (1979) is to suppose o,; +
G,y + 033 = 0 and 6,2 + 6,,2 + 0,332 = 3/2; the stress tensor

below satisfies these criteria;

011 012 013 COqW) @ or Y
T = 0-12 0-22 0-23 = (04 COS(!//+?j
013 023 O33 Ar
14 p cos[y/ +—j
L 3 .
= Length of vector v is expressed as a function of the plane

normal vector, the slickenside lineation, the assumed (a
priori) shear stress vector length A and the members of stress
tensor (a, B, y and y; see equations A6 and A8 in Angelier

1990).

- To minimize length of v vector, Angelier (1990) calculates the
following partial derivates (see equation A10 in Angelier

1990):
10v?

2 Oa

. The final equation (A15, using equation A1l in Angelier 1990) is
the function of y on the fourth power;

A fourth power equation has 1) four real solutions, 2) two real
and two complex solution, or 3) all solutions are zero; usually,
this equation has two real solutions (y, and y,) and two
complex ones;

. Using y value, express a, p and y and generate the stress
tensor (see equation A12 in Angelier 1990);

. To find the best fitting stress tensor, generate two stress tensors
using both y,; and y, values and choose the best fitting one.

MOSTAFA (2005)

. Mostafa’s (2005) methodology is an iteration in shear stress
vector length. Value of A was assumed by Angelier (1990) to
be V3/2;

Mostafa (2005) uses Angelier’s (1990) solution to generate the
stress field and calculate t shear vector lenght;

. In the second iteration step, A (measured shear stress vector
length) is replaced by the length of 1 (calculated shear vector)
in all of equations, and a new stress tensor calculation is carried
out;

. In the next steps, values of T are re-calculated; after the 10-
15t jteration no major change in stress estimators is visible.

User manual for “sg2ps” Structural Geology to PostScript converter || www.sg2ps.eu

60



BACKGROUND

Inversion methodologies VII. — Iterative inversion

4.7.7

= One of the key problems of inversion methodologies is the measured shear vector (SV;) length calculation.

. Because basic inversion equations are nonlinear in the sense of shear vector length, either 1) assumption on the original vector
length is used (A=1 in the case of Michael 1984 and A = V3/2 was used by Angelier 1990), or 2) iteration in the shear vector
length.

- Using Angelier 1990 methodology Mostafa (2005) proposed the following itration methodology:
= assume A = \3/2,
. calculate the stress tensor using Angelier’s (1990) methodology,
- calculate the stress vector, the normal stress and than the shear stress vectors;
. calculate shear vector length |t],
= use A = |t| for the next iteration step.

. Using Michael’s (1984) methodology, is it possible to use the same iteration methodology with A=1 start criteria.

Angelier’s (1990) AVB data set processed by Angelier's (1990) and Mostafa’s (2005) methodology

HUF ANG LA RUP ANG

T — 138dag 100% 156 deg
l [ 1tosen
— 100%

— 100dsg

COM PRESSION
COM PRESSION

~ 100deg

/=,

v/

T
=L\
AN

AN
7 SO

~ 50%

- 50%
~ 50deg

— S0deg

EXTENSION
I

EXTENSKON
I

-

&

|
=
=

_ Odeg ~ tdeg

Angelier-plot, Schmidt-net, lower hemisphere Inversion after Angelier (1990) Angelier-plot, Schmidt-nel, lower hemisp here Inversion after Moslafa (2005)
51: 227/85, 52: (047/05, 53 137/00 S1: 22685, S2: 043/05, 53: 133/00
R: 0.266. R': 0.266. PURE EXTENSIVE R: 0.099, R": 0.099, RADIAL EXTENSIVE
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BACKGROUND

4.8

Post-inversion manipulation — Negative of stress tensor, negative of stress vector

NEGATIVE OF STRESS TENSOR

. In several cases (ie. in the case of Fry 1999 and Shan et al
2003 methodology) both stress tensor and the negative of

the stress tensor:

on
T = 0-12

013

and

01
T = _0—12

— 013

could be a good solution after stress field computation.

. Because the coordinate conventions for all of the inputs are the
same for all of methodologies, it must be checked for each
inversion technologies that the result stress tensor, or its

negative is the correct one.

. One of the possible solution to find the best fitting tensor is to
calculate the sum of the angular misfits ANG (see Chapter
4.8.2) between observed and computed shear direction for the
stress tensor and its negative, and choose the best fitting one.

NEGATIVE OF STRESS VECTOR

Before stress estimator calculation, the right stress
vector orientation must be checked for each data
sets. Because the stress data convention, stress
vector must be positive pointing into the
deformed body. After inverting a homogenous data
group, this will be true for the majority of data sets,
but not for all of them.

Calculate the stress vector and its magnitude for each
slickensides:

Oy N G713 +Ny07, + N30 3
oz MO13 + N0 3 +N3033

lo|=moy +n,0y +n30;

011 O1p Oy3 NX n
013 O3 O33 NZ N3

If the inversion methodology produces the negative
of stress vector (pointing outside of the deformed
body) and magnitude of stress in positive, or the
stress vector is positive and magnitude of stress
in negative, use the negative of stress vector.
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BACKGROUND
4.9.1

Stress vectors, stress estimators |. — Stress vector, normal and shear stress on plane

o; stress vector

. To have the stress vector effecting the it plane, calculate on it" plane

Oy MGy +Ny07; +N3073

=| MOy + N0, + N30 3

0z M O13 + Ny023 + N3033
011 O1p Oy NX n
T=|oyp 0y o3| n=|NY |=in
O13 Oy Og3 NZ Ns
vector onith
. Normal stress on the ith plane is the following:
;X -ny oN; normal stress
6N, =n;-c, =| 5,Y-n, vector on it" plane ginSittLepSIZ:]/:Ctor
GiZ'nS
o; X NX ny
O = GiY ,ni: NY | = n2
6.7 NZ N, 1; shear stress
' /J%V vector on ith plane
. The shear stress on the ith plane is: SLICKENSIDE WITH
INVERSE MOVEMENT
X o X —oN; X
Ti:Ui—ONi: TiY = UiY—O'NiY
TiZ O'iZ —ONiZ

_.-3 oN; normal stress
vector on it" plane

SLICKENSIDE WITH
NORMAL MOVEMENT
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4.9.2

BACKGROUND

Stress vectors, stress estimators Il. — v vector, 4, RUP and ANG parameters
RUP ANG
VECTOR v ESTIMATOR ANG i00% — 103 deg
. Upsilon vector (v) refers to the divergence . Estimator ANG shows the angular misfit — 100 deg
between the measured (a priori, described between the measured (SV) and calculated
by SV vector) and the calculated (a (7) shear stress vectors:
posteriori, t vector) shear stress direction.
ANG =ang(s;,7;)
— BO%
SVX-A—17y SVX 7; X
U =SV A-7;=| SVY-A—-1y |, s, =| SVY |5y =| ;Y
SVZ-A-1, Svz 2VA
Sle TX Pk
SVi = SVlY ,Ti = TY
SvV,Z Tz ESTIMATOR RUP
. Estimator RUP (relative upsilon) shows the [~ 0deg
calculated t shear vector length relative to
assumed A = V3/2. — 0%
[ .2
SHEAR STRESS VECTOR LENGTH A RUP, = Y 100% =
. Angelier (1990) assumed shear vector length A
to be V3/2; this is the Ot" iteration step of
Mostafa’s (2005) methodology. A is the scale \/((/12 +, X2 47Y2 47,2%)-2-2- ANG)? L00% .
factor to get the real length of the slip vector P ' 0 |
instead the unit vector length; in Angelier’s
(1990) methodology its value is constant 2 2 2
: . =A —2-1-ANG
\3/2, in Mostafa’s (2005) methodology it’s v T
value changes iteration by iteration.
RUP and ANG diagram for TYM data set (Angelier 1990) — 0% — 0deg
64
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4.10

BACKGROUND

Stress visualisation — Mohr-circle

Because absolute stress magnitudes are unknown, Mohr
circle parameters were re-scaled to unit stress;

n (7] = 1.0,
. c, = ¢, and
[ ] Gg = 0.0.

Calculate stress vector magnitude:

|0'| =Mooy +N,0y +N30,,

Oy Moy +Ny01, +N3013
oz MO13 + N0 3 +N3033

Normal stress value will be computed on the following
way':

JoNi X2 +oN,Y 2+ oN;Z2 — o,
O"\Ii:

01 =03

Shear stress on the it" plane is the following:

\/TiX2+TiY2+TiZZ

Ti—

0103

Mohr circle color refers to stress regime computed after
Delvaux et al’'s (1999) reduced stress tensor.

Mohr circle for
TYM data set
(Angelier 1990)

R’ = 2.75 — 3.00: radial compressive

R’ =2.25 - 2.75: pure compressive

R’ = 1.75 — 2.25: transpressive

R’ = 1.25 - 1.75: pure strike slip

R’ =0.75 - 1.25: transtensive

R’ =0.25 - 0.75: pure extensive

R’ =0.00 — 0.25: radial extensive
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COPYRIGHT

This document is part of ‘sg2ps’ (Structural Geology to Post Script) software package. Copyright (C) 2012 by Agoston
Sasvari. All rights reserved.

This program is free software: you can redistribute it and/or modify it under the terms of the GNU Lesser General Public
License as published by the Free Software Foundation, either version 3 of the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without even the implied
warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License for more
details. You should have received a copy of the GNU General Public License along with this program. If not, see
http://www.gnu.org/licenses/.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following
conditions are met:
. Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.
. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided with the distribution.

This software is provided by the copyright holders and contributors "as is" and any express or implied warranties, including,
but not limited to, the implied warranties of merchantability and fitness for a particular purpose are disclaimed. In no event
shall the copyright owner or contributors be liable for any direct, indirect, incidental, special, exemplary, or consequential
damages (including, but not limited to, procurement of substitute goods or services; loss of use, data, or profits; or business
interruption) however caused and on any theory of liability, whether in contract, strict liability, or tort (including negligence or
otherwise) arising in any way out of the use of this software, even if advised of the possibility of such damage.
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